regulation of many cardiac genes. It has been demonstrated transcription factor in cardiac myocytes being present at all that SP1 binding sites are necessary to activate the astages of cardiac development. GATA-6 is expressed in the cardiac actin promoter in a tissue specific manner [8] and precardiac mesoderm and is later found in cardiac that a Sp1 sequence acts as an a -adrenergic response myocytes and vascular smooth muscle cells. GATA-5 is 1 element in the atrial natriuretic factor and the a-actin mainly found in endocardial cells [19] promoter [9, 10] . There is evidence that Sp1 promoter sites GATA-4, -5 and -6 bind to a consensus motif, which is 21 are essential for full sarcoplasmic reticulum Ca -ATPase highly preserved in a variety of cardiac gene promoters (SERCA2) gene transcription in myocytes [11, 12] and that including atrial natriuretic factor [20] , B-type natriuretic enhanced binding of Sp1 and Sp3 to two GC box promoter peptide [21] , cardiac troponin C [22] , slow myosin heavy
elements contributes to gene transcription up-regulation of chain [23] and the cardiac Na -Ca -exchanger [24] . The the rat Na,K-ATPase b subunit gene [13] . Also, Sp1 important role of GATA-4 for cardiac development is 1 seems to be important for the regulation of genes involved demonstrated by the fact that deletion of this transcription in cardiac metabolism. Downregulation of Sp1 in neonatal factor prevents the formation of the pericardial cavity and and adult hearts goes along with a decreased gene tranthe heart tube [25, 26] . Similarly, GATA-4 is important for scription of the fast glucose transporter protein GLUT1, postnatal cardiac gene transcription where it is involved in which is highest expressed during the late fetal life [14] . In the regulation of genes such as a-myosin heavy chain [27] , accordance with this, Sp3 has been demonstrated to repress myosin light chain 1 [28] and the angiotensin type I GLUT1 glucose transporter gene transcription in myoblasts receptor [29] . There is evidence that GATA elements are and non-muscle cells [15] . Similarly, Sp1 and Sp3 might essential for pressure overload induced upregulation of the contribute to the downregulation of medium-chain acyl AT1-receptor [29] and pressure overload and cytokine CoA-dehydrogenase, an enzyme which catalyzes a rateinduced gene transcription for b-myosin heavy chain limiting step in the myocardial fatty acid b-oxidation [30, 31] . In the latter case, upregulation of GATA-5 in cycle. The downregulation of this enzyme during cardiac response to leukemia inhibitory factor stimulation of hypertrophy has been linked to increases in Sp1 and Sp3 neonatal cardiac myocytes increased cardiac specific gene [16] . Thus, there is evidence that Sp family transcription expression [31] . Involvement of GATA-4 and to a smaller factors might be important in cardiac development and extent also GATA-5 in myocardial hypertrophy is further upregulated in cardiac hypertrophy and may contribute to supported by the finding that GATA elements play an reactivation of fetal gene expression patterns [16] .
important role in basal and phenylephrine induced The precise mechanisms involved in the regulation of Sp endothelin-1 transcription in cardiac myocytes [32] . Interfamily transcription factors in the heart remain to be estingly, GATA-4 is phosphorylated in an ERK1 / 2-depenelucidated. McDonough et al. [17] demonstrated that dent manner in response to a -adrenergic stimulation [32] .
1 electrical pacing and overexpression of c-JUN terminal A pivotal role of GATA-4 in the hypertrophic process has kinase synergistically activate Sp1, and they suggested that been suggested based on the observation that GATA-4 Sp1 might play a role in calcium-mediated transcriptional binds to the transcription factor NF-AT3 and might thereby activation. Another stimulus leading to up-regulation of be linked to the calcineurin signal transduction pathway Sp1 is hypoxia as has been demonstrated in isolated human [33] . Only recently, it has been demonstrated that calendothelial cells [18] . Thus, Sp family proteins seem to cineurin-mediated nuclear translocation of NF-AT3 and play a role in cardiac gene transcriptional regulation during increased GATA-4 expression is a mediator of pacing the fetal stage and in response to myocardial stress stimuli induced upregulation of the muscle specific mitochondrial including pressure overload, hypoxia or increases in inenergy metabolizing enzyme adenylsuccinate synthase 1 tracellular calcium.
gene [34] . Similarly, the mitochondrial carnitine palmitoyltransferase I b (CPT-Ib) gene transcription is driven synergistically by GATA-4 and serum response factor 3. GATA transcription factor family [35] , indicating that also GATA-4 and cofactors may play an important role in regulating the transcription of genes Members of the GATA family of transcription factors involved in cardiac myocyte energy metabolism. are zinc finger proteins, which have also been demonstrated to play a pivotal role for the regulation of cell growth and differentiation. The first three members of the family, GATA-1, -2 and -3 are restricted to hematopoietic 4. MEF2 transcription factor family cells and ectodermal derivatives. GATA-4, -5 and -6 are the transcription factors which are of functional relevance Members of the myocyte enhancer factor-2 family for the heart [19] . They are highly homologous in their (MEF2) are transcription factors, which bind to a consenamino acid sequence at their DNA binding sites, but differ sus DNA sequence (T / C)TA(A / T) TA(G /A) present in 4 outside the zinc finger region. Besides the heart, they are many muscle and non-muscle gene promoters [36] . MEF2 only expressed in the gut. GATA-4 is the predominant binding sites have been described in the promoters of within the cardiac troponin I gene [44] . For activation of some of these promoters including the The present publication sets the stage for further rea-MHC gene, intact MEF2 binding sites seem to be search on the trail of cardiac specific transcription factors. essential [40] . However, the expression of other genes Hopefully, the answers to these questions will better define without MEF2 binding sites in their promoter regions the cardiac specific function of HCB1 and HCB2, which including atrial natriuretic factor and a-cardiac actin also may be of potential use in the design of cardiac specific seem to depend on MEF2 proteins, since MEF2 deletion targeting vectors in the near future. Thus, the reader of this leads to a loss of these proteins in knockout embryos issue of Cardiovascular Research may be witness of an [40, 36] . One potential mechanism by which MEF2 ininteresting step forward in our understanding how tranfluences promoter activation in these genes is by interscription of cardiac genes is specifically regulated. action with other transcription factors such as GATA-4 thereby enhancing the transcriptional activity of this zincfinger protein [36] . Similar observations have been made References previously for the interaction of MEF2 proteins with myogenic basic helix-loop-helix (bHLH) proteins in evidence that they occur exclusively in cardiac muscle.
HCB1 and HCB2 as potential new cardiac specific
[10] Karns LR, Kariya K, Simpson PC. M-CAT, CArG, and Sp1
Interestingly, they seem to be more important for promoter elements are required for a1-adrenergic induction of the skeletal activation than the well characterized zinc finger proteins a-actin promoter during cardiac myocyte hypertrophy. TranscripSp1 and Sp3, which also bind to this promoter region. factors is rather limited, and it is too early to arrange these 
